ABSTRACT. Streptomyces aureofaciens MY18 (local isolate) was grown in thefennentor as batch and continuous chemostat cultures. The constant and suitable environment in batch cultures increased biomass and antibiotic productivity by this strain. Respiratory quotient was approximately constant; whereas °2-uptake aJ)d CO2 production increased gradually to reach their maximum on 7th day of incubation. Continuous cultivation at different dilution rates revealed that the highest efficiency in the utilization of added nutrients was achieved at 0.0255 h-1 (25.5 ml h-' flow rate). The steady state of this dilution rate gave constant values of starch consumed, starch utilization efficiency, accumulation of antibiotics, °2-uptake and CO2 production. The increase in dilution rate to 0.0321 h-1 (32.1 ml fresh medium h-l) caused general decreases of all biological activities leading to the phenomenon of washing out. Optimum pH in chemostat.culture was 7, and increase or decrease of pH than this level decreased respiration rate, and, consequently, the production of biomass and antibiotic was reduced. The crude antibiotic extracted by n-butanol from the culture filtrate gave a considerable antibiotic activity as compared to tetracycline.
Introduction
It is very difficult to cultivate microorganisms in shaken cultures under constant conditions, such as pH and dissolved oxygen whicttl abruptly change during the time course of incubation!I.2). The growth and biological activity are highly affected by these factors. In the fermentor, pH is continuously controlled by automatic addition of acid or alkaline to keep it constant during propagation. Dissolved oxygen is also controlled to a constant level using a suitable flow rate of air!3). It means that propa-gation in the fermentor usually occurs under a constant en\Lironment as compared to shaken culturesl41.
In batch cultures, the medium becomes depleted of nutrients at the end of exponential phase, in addition to the accumutation of metabolic products. This led ultimately to a decrease in the rate of growth with the result that the culture enters the stationary phaseisl. In continuous cultures, fresh medium is added to the culture at a rate sJ,lfficient to maintain the culture population density at a constant level. A part of the culture is withdrawn automatically at a rate equal to the flow rate of medium addition. This condition prevents the ceasing of growth as it does in a batch culture[6J.
The.aim of this investigation was to study the biological activities of Streptomyces aureofaciens MY18 (local isolate) in the fermentor as batch and continuous cultures with special reference to antibiotic productivity. Biomass, nutrient uptake, oxygen uptake, CO2 production and growth parameters as influenced by different dilution rates were also investigated.
Material and Methods

Microorganisms Used
Streptomyces aureofaciens MY18 was used throughout this investigation as an antibiotic producer. This strain was isolated by Malibari [7) from the soil of Western region of Saudi Arabia. Staphylococcus aureus 209P was used to determine the antibiotic activity of the culture filtrate. Both organisms were obtained from the Department of Biological Sciences, Faculty of Science, King Abdulaziz University, Jeddah.
Maintenance of CultureT he cultures were maintained by lyophilization at -50ac using freeze drier (Labconco). Slants of cultures were also maintained at 4 to 6°C after their propagation on the spt:cific medium for each organism; (Glycerol) casein medium [8] for Streptomyces strain; and Staphylococcus medium [9) for Staph. aureus.
Cultivation in the Fermentor as a Batch Culture
The propagation of Streptomyces MY18 was carried out in a Gallenkamp Modular fermentor consisting of 2 litre fermentation vessel equipped with stirrer and aeration device, automatic pH controller, automatic temperature control, and automatic sensing defoament addition control. The fermentation vessel and accessories were autoclaved at 120°C for 20 minutes. One litre of sterile starch nitrate medium [10) was added to the fermentation vessel, in addition to 20 ml of standard inoculum. The aeration was 600 ml/minute. Temperature was automatically kept at 30°C. Flowing air from fermentor was connected with infra-red CO2 analyzer. Dissolved oxygen was determined using oxygen electrode connected with an oxygen meter; it was adjusted at 100% saturation at the start of propagation. Foams were controlled by sterile polypropylene glycol (2025) using automatic foam control system. During batch cultivation, the pH was maintained at 7.0 by addition of NaoH (IN) or HCI (IN) by means of the automatic pH controller. During batch cultivation, samples (10-20 ml) were withdrawn from the culture (fermentation vessel) every 24 hours. The samples were filtered, and the pellets were washed twice with distilled water, using mellipore filters, dried at 70°C for two days, and weighed. The culture filtrate was used t.o determine the consumed starch and effectiveness of excreted antibiotics.
The biomass (dry wt) was plotted against time (days) on semi log paper to determine different growth phases. Growth parameters, viz., specific growth rate, doubling time, and effective yield, were calculated [2.11] . Yield factor (amount of dried biomass per 100 g of starch consumed), and starch utilization efficiency (amount of starch consumed per 100 g of origjnal starch in the medium) were also determined.
Continuous Chemostat Propagation of Streptomyces MY 18
The propagation of the strain under investigation as continuous culture was carried out in thesamefermentor described before. After sterilization of the fermentor vessel, addition of starch nitrate medium[IO] and 20 ml of standard inoculum were carried out. All accessories (medium reservoir, product reservoir, and medium flow rate pump) of batch and continuous cultures were connected, and the culture was allowed to grow up as a batch culture for 5 days (the end of exponential phase of growth), then fresh medium (starch nitrate medium) was pumped to the culture at the following flow rates (F = mlmedium/h): 6.35, 10.00, 19.29, 25.50 and 32.10ml/h. These flow rates give the following dilution rates:
(0 = F/working volume): 0.00635,0.01,0.01929,0.02550 and 0.03210 h-l. The culture in the vessel was pumped automatically to the culture reservoir at the same rate of medium addition (flow rate) to keep the level of the culture in the fermentor (one litre). Samples were taken at efich steady state (resulted from each dilution rate) to determine the biomass and effectiveness of excreted antibiotics. Growth parameters were also calculated as mentioned in batch cultures.
Standard Inoculum of Streptomyces Isolates
Standard inoculum of Streptomyces isolates for batch and continuous cultivation was obtained by the propagation of test isolates in glycerol casein medium for 10days on a rotary shaker (180 rpm) at 30°C. The formed pellets were washed twice with sterile tap water. Pellets were re-suspended in sterile water to form 5-7 pellets per. 20 ml, and were used as a standard inoculum for batch and continuous cultures.
Antibiotic Activity
It was determined in the fermented liquor using culture filtrate techniquel121, Staphylococcus aureus was used as a sensitive organism.
Starch Consumed
Starch consumed was determined by the method described by Herbet et al. 
Carbon Dioxide
Formed amounts of carbon dioxide outlet from the fermentor at certain flow rate was determined using Infra Red Gas Analyzer (IRGA). It was calculated by the following equation:
Amount of CO2 (ml CO2 / hour / litre culture) = C.J . where, C = concentration of CO2 in ppm as indicated by IRGA J = flow rate of air
The amount of CO2 produced in mmole/h/1 was calculated on the basis that one mole of ideal gas at O°C and 1 atmosphere =j' 22.4 litre of this gas. In this work, 1 mole CO2 = 24.86 litre CO2 where incubation temperature was 30°C (pressure x volume x absolute temperature-I = constant).
Extraction of Antibiotic
The culture filtrate, either in batch of continuous cultures, was adjusted to pH 2.0 to precipitate the proteiw15]. After removing of precipitate, the filtrate adjusted to pH 8 was treated with n-butanol and mixed thoroughly in a separating funnel. The nbutanol layer was evaporated under vacuum to obtain a crude solid antibiotic. The crude antibiotic was then dissolved in distilled water, and the solution was filtered. The filtrate was lyophilized at -50°C under vacuum using lyophilizer (Labconco; Freeze Dryer 4.5). The residue was redissolved in acetone which was then evaporated under vacuum. The weight of crude antibiotic extracted with butanol water and acetone was then determined. The activity of the antibiotic treated by these solvents was also tested. It was also found valuable to compare the activity of this antibiotic with pure tetracycline (Hostacycline -Hoechst) using different concentrations.
Statistical Analysis
Regression analysis, correlation coefficient (R) and least significant differences (L.S.D.) of the data were calculated [16] .
Results and Discussion
Propagation in the Fermentor as Batch Culture
In this experiment, S. aureofaciens MY18, which showed high efficiency in the antibiotic activity, was grown in fermentor as batch culture to study its growth, growth parameters and antibiotic activity under a constant environment. The working volume of fermentor was one litre. The aeration and pH were controlled at 600 ml/min (flow rate of air) and 7.0, respectively. Table 1 show the growth density as indicated by dry wt of biomass, starch consumed, yield factor (amount of biomass per 100 grams of starch consumed), starch utilization efficiency (amount of consumed starch per 100 grams of original starch) and effective yield (amount of biomass per 100 grams of original starch). It i$ clear from these results that Streptomyces MY18 grew rapidly during the first 4 days of incubation (exponential phase) with 0.4987 day-I specific growth rate, 1.3899 day doubling time and 2.8777 number of doubling times.. Thereafter, the growth rate of this strain decreased gradually (phase of decelerating growth) followed by a constant density of growth (stationary phase )upto the end of incubation period. Starch consumed during the incubation time also exhibited the same trend of growth showing 0.641 day-l specific starch consumption rate. The efficiency of the organism to convert start into biomass (yield factor) ranged from 25.8 to 35.3%. This means that this strain utilizes 100 mg starch to form 25.8 to 35.3 mg of dry biomass. Antibiotic activity, oxygen uptake, carbon dioxide production; and respiratory quotient of Streptomyces MY18 are sh0:wn in Table 2 . Results indicate that the antibiotic activity increased gradually with ,he increase of incubation time reaching its maximum value (40 mm inhibition zone) on the 9th day of incubation. This value was significantly higher when compared to inhibition zones of the first 8 days of incubation. When optical density of culture filtrate [The 0.0. of golden yellow pigment of the c~lture can be used as an indication of antibiotic activity for strain under investigation!!?]] was determined, it exhibited the same trend of inhibition zone where the peak (0.51) was recorded on 9th day of incubation. Although the oxygen uptake and carbon dioxide production increased gradually during the first 7 days of incubation followed by a gradual decrease up to the end of incubation period, the respiratory quotient remained stable up to the fifth day. Comparing the growth density and antibiotic activity of Streptomyces MY18 with those observed in shaken culture!I?], it could be stated that the amount of growth, specific growth rate, and antibiotic activity were higher in the fermentor"than in shaken cultures. This could be due to the maintenance of the cultures in the fermentor under controlled conditions. Tables 3 and 4 show the biological activity of S. aureofaciens MY18 during its propagation in the fermentor as continuous cultures at different flow rates (amount of fresh medium input/h): 6.35, 10.00, 19.29, 25.50 and 32.10 ml/h. Results indicate that four steady states were obtained from the tested dilution rates where all the biological activities tested were more constant. The growth density of Streptomyces MY18 increased gradually with the increase of dilution rate being 323.2,413.3,604.5 and 734.3 mgi100 ml (the mean of each steady state) for 0.00635, 0.01, 0.01929 and 0.0255 h-1 dilution rates, respectively. At a dilution rate of 0.0321 h-l, the biomass decreased gradually during the six days of propagation. It means that supplying of the culture by this dilution rate led to a washing out phenomenon. Thus, the optimum dilution rate for growth was 0.0255 h-l. Growth outlet, starch consumed, oxygen uptake, CO2 production and respiratory quotient exhibited the same trend of growth. These parameters reached their peak at the steady state of 0.0255 h-1 dilution rate where their values were 187.27 mg/h, 498 mg/h, 0.213 m mole/h/l, 0.277 m mole/h/l, and 1.30, respectively. Except the value of respiratory quotient, these figures are significantly higher at this dilution rate compared to other rates.
Continuous Cultures
With respect to antibiotic activity at different steady states, it was found that this activity gave a constant value at each steady state and this value increased gradually with the increase of dilution rate reaching its maximum value at 0.0255 dilution rate, thereafter no steady state was recorded (washing out). The maximum amount of crude antibiotic was 72.52 mg/l00 ml culturt; (productivity per day = 443.8 mg) at the steady state of 0.255 h-1 dilution rate.
In this investigation, the specific growth rate equals dilution rate at each steady state. So the maximum specific growth rate for Streptomyces MY18 was 0.0255 h-1 (0.612 day-I). This value of specific growth rate was higher than that observed in the fermentor as a batch culture (0.4987 day-I).
In general, continuous cultivation of Streptomyces Mvi8 gave higher biological activities than batch cultures. The highest productivity of antibiotic by this method of cultivation Itlay be due to the propagation of organism at a steady state where the addition of nutrients, consumption rate of starch, uptake of oxygen, and production of carbon dioxide were constant and in their highest efficiency, in addition to the continuous removing of metabolic products. The low growth and yield factor in batch cultures may be due to the accumulation of waste products of metabolism and/or the depletion of nutrients in the medium, while in the continuous cultures, metabolic waste products were removed, at the same time, fresh medium could be added to the culture [2.18,191. The maximum dilution rate (0.0255 h-l) obtained from the continuous culture for this organism also reveals that the highest efficiency in the utilization of nutrients was occurred, and the increase of dilution rate than 0.255 h-1 did not give it the opportunity to utilize all of the nutrients added. The excess of these nutrients was washed out with the culture outlet causing washing phenomenon. This is clear in the last dilution rate (0.0321h-l) where no steady state was observed, the biomass and antibiotic in the fermentor gradually decreased. It means that the last dilution rate (feeding rate) was higher than the specific growth rate, and was not suitable for propagation of the test organism and also for the production of antibiotics.
Effect of pH on Streptomyces MY18 in Continuous Cultures
During the propagation of Streptomyces MY18 in the fermentor as continuous cultures at 0.0255 h-1 dilution rate (the maximum dilution rate as described before), different pH values were used to study the r~spiration rate of the organism. The pH values were achieved by addition of HCI (IN) or NaOH (IN) automatically by the pH controller. The following pH values were applied: 2, 3, 4, 5, 6, 7, 8, 9, 10 and 11. Table 5 showed that the highest amount of oxygen uptake and carbon dioxide formation were detected at pH 7 where their values were 0.224 ad 0.280 m mole/1 culture (RQ =' 1.25). The increase or decrease of pH from this level decreased the amount of oxygen uptake and CO2 formation sharply. It is clear from these results that the optimum pH for propagation of Streptomyces MY18 is 7.0. This result is in line with that observed by many investigators [20] [21] [22] , who reported that the suitable pH value for propagation of Streptomyces aureofaciens ranged from 6.8 to 7.5. On the contrary, it was found that the optimal pH for Streptomyces aureofaciens ranged from 5.8 to 6.0 [23] . This variation may be due to the bacterial strain use9.
Results in
Activity of Extracted Crude Antibiotic
In this investigation, the antibiotic extracted from the cultures of Streptomyces MY18 by n-butanol, butanol followed by distilled water or butanol followed by acetone was tested for antibiotic activity. Results in Table 6 indicated that the 'ABLE 6, Amount of crude antibiotics produced by Streptomyces MY 18 (extracted with different sol vents), amount of extracted crude antibiotic varied from one solvent system to another. When these fractions were tested for antibiotic activity at different concentration {Table 7), it was found that all fractions exhibited antibiotic activity. A slight high antibiotic activity was recorded in the crude antibiotic extracted by water. On the other hand, the increase of antibiotic concentrations led to an increase in the inhibition zone among all fractions. Results in Table 8 show that the increase of tetracycline concentration led to an increase in the diameter of inhibition zone. a -Extraction by n-butanol b -Extraction by n-butanol followed by dist. water c -Extraction by n-butanol followed by acetone 'Test organism: Staphylococcus aureus Comparing antibiotic activity of the crude antibiotic extracted with tetracycline, it could be stated that the extracted antibiotic exhibited approximately a similar ac.ivity to the tetracycline.
